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Abstract 
 
         Introduction:  Arsenic  is  an  environmental  toxicant  and  a  human  carcinogen. 
Epidemiology studies link human arsenic exposure to various diseases and cancers, including 
liver diseases and hepatocellular carcinoma. From this point of view, this study is designed to 
investigate the effects of arsenic histologically and histochemically on the liver of adult male 
rabbits.          
         Material and methods: twenty adult male rabbits were used and divided into four groups. 
Each group consisted of five rabbits, one group used as a control given an equivalent volume of 
distilled water and three groups given sodium arsenite in distilled water for 6, 12 and 18 weeks 
respectively. Paraffin sections from all groups prepared and stained by haematoxylin and eosin, 
and periodic acid-schiff.  
         Results:  histological  and  histochemical  changes  in  arsenic  groups  were  marked 
vacuolation  of  hepatocytes  with  focal  areas  of  hepatocellular  degeneration.  Loss  of  hepatic 
architecture  was  also  observed.  Marked  dilatation  and  congestion  of  the  central  veins  and 
mononuclear cellular  infiltration were  obvious. Quantitative  analysis of  intracellular  glycogen 
stores  of  all  groups  using  image  analyzing  system  revealed  gradual  significant  depletion  of 
intracellular glycogen stores.  
         Conclusion: it was concluded that arsenic is a hepatotoxic agent in the adult male rabbits.         
 
Introduction        
 
         Arsenic  is  a  metalloid  that  occurs 
naturally in soil, water, and air. Arsenicals 
are  also  by-products  of  production  of 
various  metals,  as  well  as  coal  consum-
ption.  A  major  concern  for  environmental 
arsenic  exposure  and  human  health  is  its 
carcinogenic  potential  in  multiple  organs. 
Arsenic  is  a  human  carcinogen,  causing 
cancers  of  the  skin,  lung,  urinary  bladder, 
and liver (Abernathy et al., 1999; Goering 
et  al.,  1999).  However,  the  molecular 
mechanisms of arsenic toxicity and carcino-
genesis  are  only  poorly  understood.  The 
liver  is  a  major  target  organ  of  inorganic 
arsenic toxicity. In rats given oral arsenate 
(20-60  ppm)  for  up  to  6  weeks,  swollen 
mitochondria  and  altered  liver  function 
were evident (Fowler et al., 1977). Hepatic 
fatty  infiltration  and  degenerative  lesions 
(such as vacuolation) became evident after 
12  months  of  oral  exposure  of  mice  to  a 
mixture of arsenite and arsenate, which can 
progress  to  liver  fibrosis  by  15  months 
(Santra  et  al.,  1997).  In  mice  chronically 
exposed to arsenite or arsenate via drinking 
water for 48 weeks, liver parenchymal cell 
degeneration and  fatty  infiltration  are  wid-
espread,  with  inflammation,  focal  necrosis 
and  early  proliferative  lesions  (Liu  et  al., 
2000).  Hepatocellular  proliferative  lesions 
(adenoma  and  foci  of  cellular  alteration) 
were  increased  by  repeated  arsenate 
injections in female Swiss mice in a recent 
2-year  study  (Waalkes  et  al.,  2000). 
Additionally,  chronic  exposure  to  arsenite 
in vitro can cause malignant transformation 
of  rodent  liver  cells  (Zhao  et  al.,  1997). 
Thus,  it  is  clear  that  chronic  arsenic 
exposure  produces  liver  toxicity  and, 
possibly,  carcinogenicity  in  rodents,  which 
is  consistent  with  its  hepatic  effects  in 
humans.  Arsenic-induced  liver  toxicity  in 
humans is, in fact, a common phenomenon. 
Liver  injury  induced  by  arsenic  exposure, 
either  from  the  long-term  use  of  arsenic-
containing  Fowler's  solution  in  the 
treatment of psoriasis (Morris et al., 1974; 
Nevens  et  al.,  1990),  or  from  arsenic 
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exposure  through  contaminated  drinking 
water (Mazumder et al., 1998), food, or air 
(Liu et al., 1992; Zhou et al., 1993, 1994). 
Chronic invitro exposure (18 weeks) of rat 
liver  epithelial  cells  to  very  low  concen-
trations  of  sodium  arsenite  (125  to  500 
nM),  concentration  relevant  to  environ-
mental  arsenic  contamination  levels,  resu-
lted  in  malignant  cellular  transformation 
(Zhao et al., 1997). The gene array analysis 
of  these  arsenic  transformed  cells  revealed 
several important patterns of aberrant gene 
expression,  including  altered  expression  of 
oncogenes,  cell  –  cycle  regulators,  signal 
transduction  modulators,  stress-  and 
apoptosis- related genes, cytokines,  growth 
factors, and hormone receptors (Chen et al., 
2001).  Hepatomegaly  is  the  major  sign  of 
arsenic-induced  liver  injury.  Serum 
enzymes (ALT, AST) may be increased or 
unchanged.  Liver  toxicity  is  accompanied 
by chronic indigestion and abdominal pain, 
and can progress to liver fibrosis. Cirrhosis, 
ascites,  and  hepatocellular  carcinoma  are 
the  most  serious  outcome  of  chronic 
arsenic-induced  hepatotoxicity,  and  they 
can often be the cause of death (An et al., 
1996; Liu et al., 1992; Zhou et al., 1993, 
1998). From this point of view, this study is 
designed  to  investigate  the  effects  of 
arsenic  histologically  and  histochemically 
on the liver of adult male rabbits.          
                            
Material And Methods  
 
Material: 
         In  the  present  study,  20  adult  male 
healthy  rabbits  weighing  900-1000  gms 
were  used.  They  were  divided  into  4 
experimental  groups  (each  group  consisted 
of 5 rabbits).  The groups were:-     
Group  І:  Control  group  given  an 
equivalent volume of distilled water.  
Group  ІІ:  Experimental  6  weeks  group: 
drinking  distilled  water  contaminated  with 
sodium  arsenite  (500  nM),  concentration 
relevant  to  environmental  arsenic  contami-
nation level (Zhao et al., 1997). 
Group ІІІ: Experimental 12 weeks group: 
drinking  distilled  water  contaminated  with 
sodium arsenite (500 nM). 
Group ІV: Experimental 18 weeks  group: 
drinking  distilled  water  contaminated  with 
sodium arsenite (500 nM). 
Methods: 
         The  animals  were  sacrified  by 
decapitation,  dissected  and  the  livers 
extracted.  Liver  specimens  were  processed 
for  paraffin  sectioning  and  stained  with 
haematoxylin  and  eosin  stain  (H.&E.) 
(Drury  and  Wallington,  1983)  to 
demonstrate the general  architecture of  the 
liver and periodic acid-schiff (PAS) (Cook, 
1974) to show intracellular glycogen stores.   
 
Quantitative Analysis:-  
         All  slides  were  examined  after 
staining  by  the  computerized  image  anal-
yzer using  Optimas  6.2.1  software  (Media 
Cybernetics  Inc.  1998).  The  statistical 
analysis  was  carried  out  according  to  the 
standard statistical  procedures and  Student 
(t) test to estimate the significance of results 
using Microsoft Excel 2000.  
                                           
Results 
 
Histological results:- 
         The  liver  parenchyma  appeared  in 
normal  lobular  pattern  and  arrangement 
including the hepatocytes, hepatic sinusoids 
and  portal  tracts.  From  the  central  vein 
plates  of  hepatic  cells  radiate  towards  the 
periphery.  Between  the  plates,  there  were 
the  hepatic  sinusoids.  The  plates  branched 
and anastomosed except at the periphery of 
lobules. The hepatic cells were of polygonal 
shape,  they  varied  in  size,  have  large 
rounded  vesicular  nuclei,  which  sometimes 
were binucleated. They had granular acido-
philic  cytoplasm.  There  was  conge-stion, 
dilatation  of  the  central  vein,  congested 
blood  sinusoids  and  kupffer  cells.  The 
hepatocytes  showed  vacuolar  degeneration. 
There  was  distortion  of  the  liver 
architecture,  increased  hepatic  vacuolar 
degeneration  with  pyknotic  nuclei.  Some 
specimens  showed  focal  area  of  complete 
degeneration  and  cellular  infiltration.  Most 
of  the  hepatic  cells  showed  vacuolar 
degeneration  with  pyknotic  degenerated 
nuclei.  Some  specimens  showed  complete 
hepatic  cellular  degeneration  (Plate1: 
figures A – F). 
 
Histochemical results: 
         The  PAS  positive  material  was 
demonstrated  as  reddish  granules  in  the Histological and histochemical study of effects…….. 
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cytoplasm  of  the  hepatocytes.  There  was 
mild  depletion  of  glycogen  in  group  ІІ, 
moderate and massive depletions in groups 
ІІІ  and  ІV  respectively.  The  intracellular 
glycogen  stores  in  group  II  (24.47±6.74) 
were  significantly  less  than  group  I 
(36.48±2.78). The glycogen stores in group 
III  (19.52±7.71)  were  highly  significant 
lower than group I (36.48±2.78) and group 
II  (24.47±6.74).  In  group  IV(12.17±9.29) 
glycogen  stores  were  highly  significant 
lower than group I (36.48±2.78) and group 
III  (19.52±7.71).        (Table  1,  Figure  1, 
Plate2: figures A– D).     
 
Table (1): Mean of intracellular glycogen stores in sections from all groups (Gr. Comp. = 
groups compared). 
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Figure (1): Mean of intracellular glycogen stores. The error bars represent the standard 
deviation  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Group I                                                    GroupII      GroupIII    GroupIV 
Mean  36.48  24.47  19.52  12.17 
STDEV  2.78  6.74  7.71  9.29 
Gr.Comp.    I:II  II:III               I:III  III:IV                 I:IV 
P-Value         0 ,01  0 , 0001    0 ,0001   0 ,0001   0 ,0001 Ibrahim K. Ibrahim 
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Plate 1: (Liver sections by H.& E., figure A x200, figures B - E x300, figure F x800). Figures A 
and B represent sections from group І, figure C represent section from group ІІ, figures D and E 
represent sections from group ІІІ, figure F represent section from group ІV. Note hepatocytes 
(H),  central  vein  (C),  blood  sinusoids  (S)  and  portal  tract  (P),  vacuolar  degeneration  of 
hepatocytes as well dilatation and congestion of the central vein and blood sinusoids in figures 
C, D and F, pyknotic nuclei in figures D and F, focal area of complete degeneration and cellular 
infiltration in figure E.              
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Plate2: (Liver sections by PAS x200), figures A, B, C and D represent sections from groups І, 
ІІ, ІІІ and ІV respectively. Note the PAS positive material as reddish granules in the cytoplasm 
of  the  hepatocytes  (Arrows).  Mild  depletion  of  glycogen  in  group  ІІ,  moderate  and  massive 
depletions in groups ІІІ and ІV respectively. 
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Discussion And Conclusion   
 
         Arsenic  is  an  environmental  toxicant 
and  a  human  carcinogen.  Epidemiology 
studies  link  human  arsenic  exposure  to 
various  diseases  and  cancers,  including 
liver diseases and hepatocellular carcinoma. 
A variety of  gene expression changes  may 
play  an  integral  role  in  arsenic  hepatot-
oxicity  and  possibly  carcinogenesis.  The 
present  study  revealed  that  administration 
of  arsenic  produced  degenerative  changes 
in the structure of the liver. The histological 
and histochemical findings were manifested 
by  vacuolation  of  hepatocytes  which  was 
progressed  to  degeneration  of  the  paren-
chymal cells, focal area of complete degen-
eration,  deeply  stained  pyknotic  nuclei, 
disorganized  hepatic  architecture  and 
dilated congested central  veins. In  addition 
to depletion of intracellular glycogen stores. 
These  findings  run  in  full  agreement  with 
(Tong  Lu  et  al.,  2001).  These  liver 
degenerative  lesions  can  be  explained  by 
aberrant  expression  of  cytokeratins  which 
constitute  a  diverse  group  of  intermediate 
filament  proteins  expressed  as  pairs  in 
keratinized  and  nonkeratinizing  epithelial 
cells (Yu et al., 1993; Wang et al., 1993). 
Aberrant expression of cytokeratins in liver 
diseases  and  hepatocellular  carcinomas 
have been reported. The pair of cytokeratin-
8 and cytokeratin-18 is known to be liver-
specific  (Omary  &  Ku,  1997).  The 
dilatation  and  congestion  of  the  hepatic 
central  veins,  may  be  due  to  arsenic-
induced  portal  hypertension  and  cirrhosis, 
which  result  from  overexpression  of 
endothelins and vascular endothelial growth 
factor  B  (VEGF-B)  seen  in  arsenic-
transformed  rat  liver  epithelial  cells  by 
(Chen et al., 2001). Endothelins are potent 
vasoconstrictors and play an important role 
in  increasing  intrahepatic  vascular 
resistance,  which  in  turn  contributes  to 
portal hypertension in cirrhosis (Petrowsky 
et al., 1999). The depletion of intracellular 
glycogen  stores  may  be  due  to  marked 
induction  of  cyclin-dependent  kinase 
(CDKN1A)  in  chronic  arsenic-transformed 
cells  (Chen  et  al.,  2001)  which  plays  an 
important  role  in  glycogen  breakdown  in 
hepatocytes. It phosphorylates (activates) a 
large  number  of  phosphorylase  kinase 
molecules  which  can  activate  or  catalyzes 
the  phosphorylation  of  a  large  number  of 
phosphorylase  b  molecules  to  give  the  a 
form  at  the  expense  of  adenosine 
triphosphate  (ATP)  (phosphorylation 
cascade)  which  in  turn  leads  to  marked 
intracellular  depletion  of  glycogen  (Ian, 
1988).  It  can  be  concluded  that  arsenic  is 
hepatotoxic.  This  help  to  formulate 
strategies  for  the  treatment  and  the 
prevention  of  arsenic-induced  liver  injury, 
and, thereby, to protect human health.   
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 دبك ىلع كينيسرلأا تاريث أتل ةيئايمكوتسيهو ةيجولوتسيه ةسارد
ةغل ابلا بنارلأاروكذ 
 
بجر ميهاربا ل امك ميهاربا 
ٔجْلْحسيِلا نسق -   بطلا ةيلك -   سُشلأا ةعهاج -   طْيسأ  
 
            ٔيي َيحيوُأ شسيبجّ ةيزيبلا ٔيي لاْيجْولا ةيه ايسلاسل ايٌعلا ييه  يٌييسزلأا سبحعي
ى ايسً ا ٔيي ةييلْبلا ةيً ايرولا ّ َيهسلاّ ديلجلاّ دبكلا ىاطسس خّدحل ٍصيفحج  .  ةيسازدلّ
 اْويسقّ ايغلاب اسكذ ابًزأ ىّسشع ادع مدخحسأ دبكلا ٔلع  يٌيسزلأل ةفلحخولا تاسيذأرلا
ت اعْوجه عبزأ ٔلا  . حا   يٌييسز ا ٓسيخ ا ت اعْوجه خلارلا ترخاّ ةطب اض نُاد
 اديول  ايولا ٔي 6 ّ 21 ّ 21  نيجّ اعْبيسا ٳ  ايويِلا ةغبياب ثغبيل ّ ييياسيب عيط اياه ااديع
 ّ ةيجْلْحييسيُ تاسييييغج اْييجّ عحْييل دييقّ  يييل ديييسأ  ييياْياسب ةغبييل ّ ييليييسكْج
يسزلأا ت رخأ ٔحلا ت اعْوجولا عيوج ٔي بًازلأا دبك ٔي ةيهايوكْحسيُ  ٔيي  يروحج  يٌ
ايلاخلا ٔي سخٌج اْجّ عه دبكلا ايلاخ ٔي تاْجفلا ٔي لا ايش .   ايسجا اضيأ كاٌُ ى اكّ
لاْيٌلا ٓا ايحأ ْٓيلخز ايشحًا اْيجّ عيه دبكلا ٔي ةيصكسولا لازّلأا ٔي ى ااححا ّ  .  ايوك
 ٔييي ةييل اييخ ْٓييلخلا ىاييشجزلأا لا ايييشّ دييبكلل ٔييعيبطلا  اييٌبلا ٔيييسيغج اْييجّ عحْييل
 ةييعْوجه 21   عْبييسأ  ةييعْوجه ٔييي ةييل اييخ دييبكلا ايييلاخ ٔييي  ييلحج اْييجّ اييضيأ ا 21  
اعْبسأ  .  ارُسِظ ديح ىصحخولا ييجْكيلجلا ةيوك ٔي ٔجيزدج صاً اْجّ عحْل دالّ
 ةييعْوجه ٔييي ةيييلك ك اييفخً ا 21    اعْبييسأ  ,  أييج َييل  يٌيييسزلأا ىأ ارييُ يييه صلخحييسًّ
َغلابلا بًازلأا زْكذ ٔي دبكلا ٔلع َه اس تاسيذ .  
 
 
 
 
 
 
 
 